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The extracted value for the gj^t effective coupling from experimental data, considering only the 
p meson, resumes not only the p meson effect but also all its additional radial excitation modes. By 
explicitly adding the radial excitations of the p meson, considering a particular form of the spectrum 
and relations among the couplings, we identify the single g U pir and the p radial excitations effect in 
the u) — >• 7r°7 decay. We obtain that the individual coupling is in the range g^ p ^ = 8.2 — 8.6 GeV -1 , 
which is about 40% smaller than the effective g^fpt- We verify the consistency with the chiral 
approach in the 7r° —¥ 77 and 7* — > 3ty processes. Besides the model dependence, our description 
succeeds in exhibiting how each contribution came into the game. In particular, we show that for the 
7* — > 37r decay, the usual relation Ayi^ = (3/2)A^3^ w , encodes all the vector contributions and 
not only the p meson one. In addition, we find that there is an almost exact (accidental) cancelation 
between the radial excitations and the contact term contributions. 

PACS numbers: 14.40.Be, 13.25.-k, 12.40.Vv. 



I. INTRODUCTION 



II. BASELINE 



The study of the low energy regime of the strong inter- 
action among quarks relies on the use of effective theories. 
A description based on the effective hadronic degrees of 
freedom, namely the vector meson dominance approach 
(VMD), assigns an effective coupling to the hadronic in- 
teraction, which must be determined from the experi- 
mental information. Based on that approach, the deter- 
mination of the coupling between the w, p and n mesons 
from different observables has been found to lay in a wide 
range of values from 11.9 to 15.7 GeV -1 [l|, pointing out 
to possible experimental or theoretical problems. 
The experimental issues, if any, will be settled with the 
advent of more precise measurements. On the other hand 
the theoretical treatment considers that, since phase 
space forbids the three of the mesons to be on-shell, at 
least one of them must be off-shell, and considers the low- 
est lying resonance as the only relevant state. That is, 
the extracted effective strong coupling resumes all possi- 
ble additional contributions from higher states and not 
only the uj — p — n interaction. A proper description to in- 
clude all of them would require the knowledge of the full 
excited spectrum and their corresponding couplings. At- 
tempts in this direction have been made [2j by invoking 
the factorizable dual model which turns out to modify all 
the tree level diagrams by a form factor to account for 
all the possible off-mass-shell mesons. 
In this work we propose a model to explicitly include the 
effect of the radial excitations considering a particular 
structure of the spectrum and obtain the truly g U piT cou- 
pling from the uj — > 7r°7 decay and verify the consistency 
with the chiral approach in the 7r° — > 77 and 7* — > 'Sir 
processes. 



Let us make a review of the results from the decays 
when no radial excitations are included. This will be the 
baseline of the calculation to compare with. 
The VMD Lagrangian including the p, n and uj mesons 
can be set as: 
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+ gM^^uj^dx^d^ + + .(1) 

gv 



This Lagrangian exhibits only the relevant pieces for this 
work and should be part of any effective Lagrangian de- 
scribing these mesons. Terms with higher derivatives 
and additional terms which allow to preserve gauge in- 
variance are not shown We have made explicit the 
notation regarding the couplings and the correspond- 
ing fields and, in the last term, V refers in general to 
vector me sons and refe rs to the photon field. Here 
gv = 2a^irm v /3T v ^ l+l - (I = e,/i,r). 
On the other hand, the chiral symmetry of the strong in- 
teraction dictates that the Wess Zumino Witten anomaly 
[|| is responsible for the it —> 77 and 7* — > 3n decays. 
For our purposes the relevant part of the Lagrangian is 
given by: 



C 



wzw 



iXr<l f^F^F* (2) 
e abc e^B^ir a d x ir b d a Tr c + 



N c e 
3x6 4n 2 f% 



where N c is the number of colors and f n — 0.093 GeV, 
and we did split the coefficients for the sake of clarity 
when writing the amplitudes below. 
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A. The 7r — > 77 decay 
The amplitude for the process has a generic form: 

•Mn-y/ — e fifXcrkiT] 1 k 2 Tj2 A^yy, (3) 



where ki (rji) and ki (772) are the photons momenta (po- 
larizations) and .4^77 encodes the model details. In the 
chiral approach it is given by the WZW, as mentioned 
above, while in the VMD approach, the decay can be 
seen as proceeding through the emission of the p and ui 
mesons which eventually decay into photons. Using the 
above Lagrangians, and taking the zero momentum limit, 
they correspond to: 



A 



VMD 
7777 



^6 (Ju)p-K 



A 



WZW 

'7T77 



6e 2 



(4) 



Matching both descriptions, it is possible to relate the 
couplings. Namely, 



la e// l 



(5) 



Note that this parameter, initially considered as due to a 
single channel (p and w), when imposed to account for the 
total effect of the anomaly becomes an effective coupling 
resuming all the possible additional contributions. This 
observation will be crucial in the interpretation of the 
corresponding magnitude. 

An additional relationship between the p and the pion 
properties is given by the so-called KSFR relation^ 



9 pTTTV 



HI,, 



V2U 



(G) 



Considering that the KSFR relation, SU(3) symmetry 
(<7 W = 3g p ) and universality condition (g p — g p7! -„) are 
hold, the effective coupling Eqn. ([5]) becomes 



1 9u p7T I 



3m. 



14.2 GeV~ 



(7) 



B. The 7* — ^ 3tt decay 



The amplitude of the process can be written in general 



as: 



M = te^a^rj^p^p^pjA^ 



(8) 



where A^n encodes the details of the model used to de- 
scribe the process, and p\, P2, P3 are the pions momenta 
and rj is the photon polarization. 

The decay of the photon into three pions in the chi- 
ral description also has its origin in the WZW anomaly 
as discussed above. In the VMD approach, it has been 
shown that this decay is mainly produced through the w 
into pir decay channel |6J , followed by the break down of 



the p into another two pions. At zero momentum they 
correspond to: 



aWZW _ e 

73 " 4tt 2 /3 



\ VMD 
•^7371- 



6C guipiT 9pK'K 

9u> m 2 



(9) 



(a factor of 6 arises from the momenta permutations 
when bringing the amplitude to Eqn[8] form) 

By linking the anomaly term to the corresponding am- 
plitude from VMD, the KSFR relation is not hold any- 
more. The reason lies on the fact that, although the p 
channel approach is well motivated, it is unable to fully 
capture the anomaly information, i.e. the decay have 
additional axial contributions which can not be captured 
in the effective vector channel. Thus, in the VMD de- 
scription, an additional contact interaction between the 
lo and the 37r mesons must be added: 



g c 3v e abc e^oj p d„ir a d X TT b d a ir c 



(10) 



where g$ n is the corresponding effective coupling 
strength. Then, by considering that the KSFR relation 
is hold and SU(3) symmetry (g^ = 3g p ), the p meson 
channel amplitude at zero momentum becomes: 
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VMD(p) 

737T 
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9pTTTT 
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mf 
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f aWZW 
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(11) 



that is three halves of the total amplitude from the Chiral 
anomaly Therefore, the contact term must account 
for the one half excess of the total amplitude. This was 
found by Rudaz Q as a consistency requirement and by 
Cohen l$] as the one which satisfies axial Ward identities. 



ac _ 6 e c _ 1 A wzw 

— ~ 93tt — 9 • n 
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(12) 



this condition fixes the corresponding coupling to be: 



9p7T7T 

16^71 



-47 GeV~ 



(13) 



where we have made use of the relationship among the 
couplings as discussed above. 

The previous analysis relies mainly on the consideration 
that the vector channel is saturated by the p meson, and 
upon matching VMD with the WZW anomaly the g wpw 
coupling constant becomes an effective coupling which 
not only accounts for the uj — p — ix interaction but also 
all additional terms. In order to determine the truly 
g^jp-K coupling, the radial excitations spectrum and the 
corresponding couplings are required. In the following 
we study a particular model to include these excitations 
and show their implications. 



III. ADDING THE RADIAL EXCITATIONS 
CONTRIBUTION. 

To include the radial excitations of the p meson we 
make the following assumptions: 
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i) The relation (g up wgp)/(9uVw9v) = h where V is any 
p radial excitation. That is, the radial excitation infor- 
mation makes no difference on the above combination of 
the couplings. 

ii) SU(3) symmetry, which allows to relate g^ = 3g p . 

iii) KSFR-like relation for each Vim vertex, that is 
gvixix = m v /(V2f v ) 

iv) The spectrum of the radial excitations is given 
by: rriy — m 2 p n 2 with n — 1,2,... . The n = 1 is by 
construction the p mass and for n — 2 it is 1540 MeV to 
be compared with the p'(1450). 

As a first case we will consider the oj — > 7r°7 decay to 
identify the g^p^ and the p radial excitations effect. This 
process is clean in the sense that it is sensitive to the p 
radial excitations but not to the oj ones. This fact allows 
to avoid any assumption on the oj excitations. Then, 
the implications on the cases discussed in the previous 
section will be addressed. 



A. The oj —} 7r°7 decay 



for the <75/>7r- ^ n the VMD description, the coefficient in 



the amplitude, Eqn. including an infinite sum of 

vector-like contributions V, becomes : 



A VMD+ _ 9 2 ( 9Vuir \ 



(19) 



Using the assumptions about the couplings and masses 
of the vector mesons, it takes the following form: 



2e 



9uj9v 
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2e 2 g ujp7r TT 2 f 2 



pn 1 

9mp 



(20) 



The consistency with the anomaly, Eqn. ((4|), requires 
that: 



go, 



p7V 



9m 2 , 
' - 8.6 GeV" 1 



n'ffl 



(21) 



The amplitude for this process is of the form: 



itp.vXoQi'H &2 e Aunt 



(14) 



Again, in this notation A^-y encodes the model details. 
For this process, the VMD description, including the ra- 
dial excitations, requires that at zero momentum: 



AuTT^ 



E9cuVlT 
• 
„ 9v 



(15) 



Now, using the above assumptions the global coupling 
can be set as: 



E 



9uVtt 

gv 



E ,,2 

v g v 



^gp \^ g^pirgp'^fiT 



-Jupnyp 

~ ~ v m v 
g^p^gpVl ^ 1 _ g u p ^g p 2f 2 ir 2 
m 2 6 



E 



(16) 



where the convergence on the series above is equal to 
7r 2 /6. Using this in the amplitude, we can compute the 
decay width 

TV , N ^tp-K 4,2 f^Yfi m V 

Using the experimental branching ratio for the process 
BR{oj ->■ 7T°7) = 8.28±0.28 % Q, we obtain the following 
value for the individual oj — p — it coupling 



ffw/w = 8.2±0.2 GeV- 1 



B. The 7r — > 77 decay 



(18) 



Lets us reconsider the tt — ¥ 77 decay. It is important to 
explore the effect of the radial excitations in the relation 



which is consistent with the extracted value for the g^p^ 
coupling, Eqn. (p~8|) . In addition, if we take the value 
from Eqn. (fig)) , the last relation for the effective coupling 



gives: 



g 



e Ll = 13.6 ±0.3 GeV'K 



U pTT 



(22) 



we can observe that this value is also consistent with the 
corresponding one obtained in section II. A (Eqn. [7]). 

Note that gjpt in that case was defined as the one that 
resumed all the contributions in the p channel and made 
to agree with the anomaly. Thus, the above result tell us 
that the individual channel coupling is about 40% smaller 
than that value. It is trivial to check that by using this 
value when adding all the contributions we recover the 
amplitude of the previous section. 



C. The 7* — > 3tv decay 

Proceeding along the same lines, we can compute the 
contribution of the radial excitations. The amplitude for 
the vector channel is given by: 



a VMD+ 



a 00 1 

guj "~ m 2 / Tn 2 n , n 2 



v 
3m 2 



v 

3 A wzw 



P n=l 



(23) 



That is, by adding all the vector contributions we recover 
the result of the previous section for the p, but now cor- 
responding to the full vector contributions. 

The, now obvious, purely axial contribution in the con- 
tact term remains the same: 



A c 



I aWZW 
2 ' 



(24) 
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Coupling 


Process 


Value 


1 n 


LO — > 7T 7 
71"" — > 

II 


8.6 GeV -1 


\9cOp7T | 


7T () — > 77 


14.2 GeV" 1 




— > 7r u 7 and 7r u — > 77 


13.6 ± 0.3 GcV" 1 


C 


7* — > 37T 


-47 GeV- 3 


re 
<?3tt 


7* — > 3tt 


46 GcW a 



TABLE I: Couplings 



while the relationship for the p channel (n — 1) now 
accounts for 



^ = 2e 



_ e 9 _ J3^3 . wzw . . 



Since we have estimated all the vector contributions, 
the radial excitations contributions are just that with the 
p contribution removed: 



Are 



2e- 



-(- 



1) 



(26) 



We can also treat this contribution as a contact dia- 
gram and estimate a magnitude for its effective coupling 
g^. The corresponding contact and radial excitations 
contributions can be written in an equivalent form as 
follows: 



= 2e^f(^-l), 
mi 6 



from this equivalence we get 



, 7T 



re _ 9p9uipir 

mi 6 



(— -1) = 44 Ge^" 



(27) 



(28) 



Therefore, the remaining vector and axial contribu- 
tions combine to account for a fraction of the total am- 
plitude which is: 



the usually quoted value corresponds not to it but to an- 
other g^f f effective coupling which resumes not only the 
p meson effect but also all its additional radial excitation 
modes. 

Here, we have explicitly added the radial excitations of 
the p meson, considering a particular form of the spec- 
trum and relations among the couplings. First, we con- 
sidered the co — > 7r°7 decay to identify the single g up7r 
and the p radial excitations effect. This process is clean 
in the sense that it is sensitive to the p radial excitations 
but not to the oj ones. This fact allows to avoid any as- 
sumption on the oj excitations. Certainly, the description 
used for all those excitations is model dependent. How- 
ever, the low lying excitations are well approached and 
expected to be the dominant ones. Besides this model 
dependence, our description succeeds in exhibiting how 
each contribution came into the game while fulfilling gen- 
eral requirements like the agreement between the VMD 
and chiral anomaly descriptions. We obtained that the 
individual coupling is g wp7r = 8.2 — 8.6 GeV^ 1 , which 
is about 40% smaller than the effective g%f p t- 
We have verified the consistency with the chiral approach 
in the ir° — > 77 and 7* — > 3ir processes. Besides the 
model dependence, our description succeeds in exhibit- 
ing how each contribution came into the game. In par- 
ticular, we show that, for the 7* — > 3n decay, the usual 
relation A%£ D+ = (3/2) A^ w , encodes all the vector 
contributions and not only the p meson one. Thus, the 
additional contact term is fully axial and fixed by the 
WZW anomaly. In addition, we have obtained that there 
is an almost exact (accidental) cancelation between the 
radial excitations and the contact term contributions. 
The relations here stablished are hold in the zero mo- 
mentum limit. More elaborated assumptions would be 
required to explore in a reliable way the momentum de- 
pendence. 

We would like to conclude by stressing that the usually 
neglected contributions from radial excitations may be 
relevant even though they can be very heavy. There- 
fore, consistency requirements like the ones here exhib- 
ited must be carefully considered. 
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re + c 



WZW 



7T^ 



(29) 



Note that the global factor suppresses this contribution, 
which is in accordance with the individual effective 
couplings obtained above. 

In table I we summarize the numerical results for the 
couplings in the different scenarios we have considered. 
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